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The scientific interest in natural food flavors is growing considering concerns of the population related to food 
safety. Aromatic plants and their concentrated forms (essential oils and phenolic extracts) are highly considered 
for health benefits, mainly due to antioxidant and antibacterial properties. Meanwhile the authenticity and safety 
of essential oils is a strong concern.  Comparative signatures of six genuine, essential oils (Thyme, Juniperus, 
Oregano, Tea tree, Clove and Cinnamon) was obtained by Gas chromatography coupled with Mass Spectrometry, 
using a metabolomic approach, by an updated statistical tool available online Metaboanalyst 5.0. The key-
molecules of each oil were identified and the multivariate analysis combined with correlation heatmaps reflected 
the predictability of around 15 putative biomarkers, such as thymol and p-cymene for Thyme, α-pinene, β-
myrcene and sabinene for Juniperus, carvacrol for Oregano, terpinene derivatives for Tea tree, eugenol, eugenol 
acetate for Clove, cinnamaldehyde for Cinnamon.  Since these oils are used frequently as ingredients in food 
supplements and food flavors, this study offers an accurate evaluation and interpretation of the authenticity of 
these oils based on biomarker identification, easy to be done also from food matrices. The adulteration of similar 
commercial oils, of synthetic or degraded specimens is also possible using this model. 
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INTRODUCTION 
Food flavors are additives classified into three major categories, natural, 
synthetic and food born, released during processing. The natural flavors are 
extracted from aromatic herbs and seeds spices, vegetable or fruits and added 
either as powders or extracts, mainly essential oils (EOs) but also hydrophilic 
extracts. EOs include usually complex mixtures of many different, volatile or 
non-volatile molecules, obtained by hydrodistillation of by supercritical fluid 
extraction. An impressive progress in aromatic plants’ research has been 
observed the last decades, since consumers are concerned on food quality and 
prefer plant-derived spices and flavors (Istudor, 2001). Since the middle ages, 
EOs have been due to their antioxidant, bactericidal, virucidal, fungicidal, 
antiparasitic, insecticidal effects, but also, nowadays, in agriculture and food 
industries, in different pharmaceutical and cosmetic formulas (Bakkali, 
2008).EOs contain a variety of volatile molecules such as terpenes and  
terpenoids (esters, aldehydes, acids, alcohols, ketones, and ethers derived from 




Scott, 2007; Gyawali and Ibrahim, 2014; Rivera Calo et al, 2015; Yu et al, 2019). Beside food flavoring, the emergence 
of bacterial resistance to antibiotics and the negative consumer attitudes toward food synthetic preservatives 
increased the consumers’ interest for the use of EOs as alternative agents for the control of food spoilage and 
harmful pathogens (Burt, 2004; Fisher and Philips, 2008). Recent systematic reviews were dedicated to culinary 
herbs and their essential oils with antibacterial activities and potential applications in foods (Svoboda and Brooker, 
2004; Bakkali, 2008; Chassagne et al, 2021). Meanwhile, the authenticity of EOs, beside other plant secondary 
metabolites is of high scientific interest and important for gaining the customer confidence. The confirmation of 
quality and safety of EOs involves high resolution analytical procedures (e.g. gas-chromatography coupled with 
mass spectrometry, infrared spectrometry, magnetic resonance) which can offer essential information about the 
composition and possible adulterations (Socaciu et al, 2009; Do et al, 2015).  
 Recently, the characterization of the volatile fractions of EOs of some Lamiaceae spices in relation to their 
antimicrobial and antioxidant activities was reported (Bozin et al, 2006; Faleiro, 2011; Turek and Stintzing, 2013). 
One of the most used herbs is thyme (Thymus vulgaris L.), originating from Mediterranean region, including different 
subspecies and varieties (Varga et al, 2015; Satyal et al, 2016). Being used since centuries as a spice, as well as a 
medicinal remedy for its anti-inflammatory and antibacterial effects, thyme and its oily extracts contain mainly 
volatiles like thymol and terpinene (Al-Asmari et al, 2017), beside flavonoids and triterpenoids. The antimicrobial, 
antifungal and anti-inflammatory activity was correlated with thymol content (Porte and Godoy, 2008; Wesolowska 
and Djadczak, 2019). Its characteristic composition is described according to the EMA monography 
(https://www.ema.europa.eu/en/documents/herbal-monograph-thymus-vulgaris-l-thymus-zygis-l-
herba_en.pdf).  
 Oregano (Origanum vulgare L.) belongs to the same species, its volatile oil contains up to 70% monoterpenoids 
(thymol and carvacrol) and sesquiterpenoids, dependent on geographic origin and plant developing stage (Radoias 
et al, 2005; Kulaet al, 2007; Stoilova et al, 2008). Its EO shows antiinflamatory, antispasmodic, antioxidant, 
antifungal and antibacterial activity (Be’Jaoui et al, 2013; Gonga et al, 2014; Khana et al, 2018).  
 Juniperus (Juniperus communis L., fam Cypress) is a coniferous tree found in temperate and subtropical regions, 
its oil is obtained by distillation or from cold pressed seeds. It contains monoterpenes (aprox 58%), mainly α-
pinene, β-myrcene and sabinene (Radoias et al, 2005; Salamon and Petruska, 2017), as described according to the 
EMA monography (https://www.ema.europa.eu/en/medicines/herbal/juniperi-aetheroleum). The industrial 
applications in relation to the chemical composition and antimicrobial activity obtained from berries was recently 
confirmed (Falcaoa et al, 2018).  
 Tea tree includes three distinct plant species (Melaleuca alternifolia, Melaleuca linariifolia și Melaleuca 
dissitiflora) originating from Australia.  It is used for its essential oil, having high commercial value for 
pharmaceutical and cosmetic industry, appreciated for its antiseptic, cytotoxic, antibacterial, antifungal, antiviral, 
anti-inflammatory and antioxidant activity (Carson et al, 2006; Raymond et al, 2017), including a high potency 
against multi drug resistant bacteria (Oliva et al, 2018). The main oil components are monoterpenes and 
sesquiterpenes, and their oxygenated analogues, as presented in the monograph 
https://www.ema.europa.eu/en/medicines/herbal/melaleucae-aetheroleum and ISO 4730: 2017 standard 
(Gallart-Mateua et al, 2018).  
 Clove (Syzygium aromaticum L.)  has an Indonezian origin, nowadays being cultivated in many regions, being a 
rich source of eugenol, eugenol acetate, gallic acid, having a high potential for pharmaceutical, cosmetic and food 
applications due to its antioxidant and antimicrobial effect (Chaieb et al, 2007; Bhuiyan, 2012; Boughendjioua, 2018; 
Danth et al, 2020). The standardized composition is presented in the monograph 
https://www.ema.europa.eu/en/medicines/herbal/caryophylii-floris-aetheroleum..  
 Cinnamon (Cinnamomi Cortex) is the bark of the dried tree Cinnamomum cassia Presl, cultivated in South East 
Asia, utilized in food, pharmaceuticals, and cosmetics. The essential oil includes mainly cinnamaldehyde (up to 
87,23%) but also coumarin, cinnamic alcohol, cinnamic acid and 2-metoxicinnamaldehyde, as described by the 
European Medicines Agency https://www.ema.europa.eu/en/medicines/herbal/cinnamomi-cortex . Its biological 
properties (antioxidant, antidiabetic, thrombocyte anti-aggregation, antifungal and antibacterial) were recently 
described (Choi et al, 2001; Radoias et al, 2005; Jayaprakasha and Rao, 2011; Don and Cole, 2013; Brodowska et al, 
2016; Shao et al, 2018; Zhou et al, 2018; Kelothet al, 2018; Hao et al, 2019).  
 The Gas chromatography separation technique represents the best choice for essential oils analysis, especially 
for the volatile fraction, including the detection by Flame Ionization (FID) or mass spectrometry (MS), as detailed 
in many publications (Socaciu et al, 2009; Do et al, 2015; Amelia et al, 2016; Franca and Nollet, 2017). The 
identification of separated molecules is done by comparison with international data bases (NIST) while 
quantification is done by specific calibrations and uses of internal standards.  
 The authentication and adulteration of volatile oils is based mainly on these techniques (Adams, 2007; ISO 
method, 1985; Milovanovic et al, 2009; Tranchida et al, 2010; Amelia et al, 2016;). The ISO standard 11024-2:1998 
(www.iso.org/standard/19009) describes the general guidelines for the compliance determination of a 
chromatographic profile for an essential oil, while the last edition of European Pharmacopoeia Monographs includes 
data about herbal essential oils, and derived preparations (European Pharmacopoeia, 2020). The work of the 
 
European Union Reference Laboratory for  Food Additives (EURL) and its support for the authorization process of 
feed additives in the European Union using GC-FID / MS technique was reviewed recently (Von Holst et al, 2016). 
 Our previous results reported the optimization of different techniques of extraction, and the use of gas-
chromatography coupled with mass spectrometry (GC-MS) for the separation and characterization of different 
essential oils, including the use of chemometrics to discriminate between botanical and geographical origin, as well 
quality and authenticity (Socaci et al, 2007, Socaci et al, 2014; Socaci, 2017).  
 This study aims specifically the analysis of six different essential oils (Thyme, Oregano, Juniperus, Tea tree, Clove 
and Cinnamon) used as food flavors and to identify their specific signature made by a gas chromatography-based 
metabolomics approach, including their authenticity markers. The procedure can be easily used to authenticate 
these oils as such or in food matrices or food supplements.  
 
MATERIALS AND METHODS 
Six different essential oils (Thyme, Oregano, Juniperus, Tee tree, Clove and Cinnamon), declared as genuine, 
obtained by distillation were provided from the specialized company Fares (Oraştie, Romania), a producer of teas 
and food supplements based on essential oils. Standard operational procedures were applied preliminary to 
establish the technical specification of each type of oil and their physical and chemical properties were checked 
(Popa, PhD report, 2020).    
 
 GC-MS analysis 
 In order to identify the volatiles’ composition and their fingerprint the GC–MS technique was applied using a 
Shimadzu model QP-2010 (Shimadzu Scientific Instruments, Kyoto, Japan) equipped with a autosampler Combi-
PAL AOC-5000 (CTC Analytics, Zwingen, Switzerland) and capillary column ZB - 5ms, 30m x 0.25 mm i.d. x 0.25 µm 
(PHENOMENEX, USA).  
 Column temperature was initially kept for 2 min at 50 C, then gradually increased to 160 °C with a rate of 3°C 
min min-1, and finally increased to 250°C at a rate of 15 °C min min-1 and kept for 10 min. The injector and detector 
temperatures were set at 250°C, respectively. Solutions of essential oils in hexane were injected using the Combi 
PAL AOC-5000 autosampler into the injector, with a split ratio of 1:100 (for Tea Tree oil), 1 :200 (Thyme, Juniperus, 
Clove, Cinnamon) and 1:300 (Oregano) respectively. For MS detection, the electron ionization was applied at 
intervals of 40-500 m/z.  
 All measurements were done in triplicate. The volatile components were identified by comparing the obtained 
mass spectra with those from NIST27 and NIST147 spectra libraries and verified by comparison with retention 
indexes extracted from www.pherobase.com and www.flavornet.org (for columns with stationary phase like ZB-
5ms). The results are expressed as a percentage from the total peak areas (100%), considering only the compounds 
with min. 85% similarity index.   
 
 Statistical Analysis 
 The results obtained by GC-MS including the relative percentages of each component in individual EOs were 
used as inputs for the multivariate analysis, performed with the online software Metaboanalyst 5.0. 
\(www.metaboanalyst.ca). The data were processed by Fold change, Volcano plot, Principal Component Analysis 
(PCA), Partial Least Squares Discriminant Analysis (PLSDA), Random Forest, finding correlations between each 
sample and variables (components and percentages). The ANOVA one-way univariate analysis was also applied to 
build the Heatmaps. For statistical analysis, 2 groups were considered a priori, namely group C of spices (including 
Clove, Cinnamon and Tea Tree) and the group pf medicinal plants (PM) including Thyme, Juniperus and Oregano.  
 
RESULTS AND DISCUSSIONS    
GC-MS fingerprints and comparative composition of essential oils  

















Figure 1. Comparative GC-MS fingerprints of the six types of essential oils under investigation. 
(a)Thyme; (b) Juniperus; (c) Oregano; (d) Tea tree; (e) Clove; (f) Cinnamon. 
 
  
Table 1 presents the comparative composition of the volatile fraction of the six EOs, the identification of components 
and their relative percentage (%) calculated from GC-MS spectra (columns 3-8) 
 
Table 1. Comparative composition of the volatile fraction of the six essential oils, the identification of components 
and their PubChem code. The mean relative percentages (%) of each molecule was calculated from the GC-MS 
spectra and shown in columns (3-8) 
Molecule 
PubChem 
CID Thyme Juniperus Oregano 
Tea 
Tree Clove Cinnamon 
α-Terpinene 7462 1.70 0.48 0.51 9.96 0 0 
γ-Terpinene 7461 8.91 2.17 4.27 19.79 0 0 
Himbaccol* 6432543 0.12 0 0 0 0 0 
β-Cubebene* 6432083 0 1.80 0 0 0 0 
Aromadendrene* 91354 0 0.19 0 1.44 0 0 
Viridiflorene* 10910653 0 0 0 1.30 0 0 
1-Octen-3-ol 18827 0.72 0 0 0 0 0 
3-Carene * 26049 0.12 0 0 0 0 0 
1-Terpinen-4-ol 11230 1.46 3.46 0.58 44.45 0 0 
α-Terpineol 17100 0.16 0.06 0.72 4.12 0 1.41 
α-Caryophyllene 6508206 0 1.12 0.3 0.02 0.57 0 
α-Cubebene 86609 0.10 0.73 0 0 0 0 
α-Phellandrene* 443160 0.20 0 0 0.35 0 0 
α-Pinene 6654 1.16 36.41 0.21 2.63 0 0.89 
Isothymol methyl 
ether 
161716 0.81 0 0 0 0 0 
Thymol methyl 
ether 
14104 0.64 0 0 0 0 0 
β-Myrcene 31253 1.76 15.38 0.23 0.41 0 0 
β-Pinene 14896 0.24 3 0.44 0.56 0 0.18 
β-Linalool 6549 5.03 0 2.53 0 0 4.63 
α-Thujene 17868 0.85 1.40 0.23 0.56 0 0 
trans-Sabinene 
hydrate* 
12315151 0.35 0 0 0.17 0 0 
Sabinene 18818 0 10.31 0 0.22 0 0 
Borneol 64685 1.82 0 0.95 0 0 0 
Camphene 6616 1.67 0.3 0.14 0 0 0 
Camphor 2537 1.32 0 0.83 0 0 0 
Carvacrol 10364 2.34 0 75.82 0 0 0 
Caryophyllene 5281515 7.50 5.41 2.33 0 0 0 
Copaene* 19725 0.14 0.53 0 0.18 7.59 3.3 
β-Elemene 6918391 0 0.67 0 0.07 0.16 0 
Pseudolimonene* 68140 0.06 0.37 0 0 0 0 
α-Terpinolene 11463 0.15 1.27 0 3.25 0 0 
δ-Cadinene* 441005 0.14 1.57 0 1.59 0 0 
D-Limonene 440917 0.80 8.17 0.67 1.38 0 1.81 
Eucalyptol 2758 1.76 0 1.52 1.69 0 3.74 
Eugenol 3314 0 0 0 0 79.67 2.03 
Eugenol acetate 7136 0 0 0 0 11.69 0 
p-Cymene 7463 19.94 2.90 5.98 2.67 0 2.05 
Thymol 6989 38.00 0 1.59 0 0 0 
γ-Muurolene 6432308 0 0.4 0 0 0 0 
β-cis-Ocimene 5320250 0  0 0.14 0 0 
Germacrene B* 5281519 0 0.84 0 0 0 0 
Cinnamyl acetate 5282110 0 0 0 0 0 2.76 
Cinnamaldehyde 637511 0 0 0 0 0 76.92 
 
 As presented, the thyme oil contained 30 components, thymol being the major component, representing 38%, a 
level which is in agreement with the technical specification for this type of oil. There were identified p-cymene, 
Caryophyllene and γ-Terpinene, β-Linalool with percentages from 5 to 19.94%.  
 The Juniperus oil contained 24 components, α-pinene being the major component representing 36.41%, a level 
which is in agreement with the technical specification for this type of oil. There were identified β-Myrcene, Sabinene, 
D-Limonene and Caryophyllene with percentages from 5.41 to 15.38%. 
 The Oregano oil contained 19 components, carvacrol being the major component representing 75.82%, a level 
which is in agreement with the technical specification for this type of EO. There were identified also p-cymene and 
γ-Terpinene with percentages above 4%. 
 The Tea Tree oil contained 22 components, 1-Terpine-4-ol being the major component representing 44.45%, a 
level which is also in the range of the technical specification for this type of oil. There were identified also γ-
Terpinene, α-Terpinene and α-Terpineol with percentages above 4%. 
The Clove oil contained only 5 components, eugenol being the major one, representing 79.67%, a level which is in 
agreement with its technical specification. There were identified also eugenol, eugenol acetate and copaene, with 
percentages above 7%. 
 The Cinnamon oil contained 11 components, cinnamaldehyde being the major one representing 76.92%, also in 
the range of the technical specification. There were identified also β-Linalool, copaene and Eucalyptol with 
percentages above 3%. 
 
 Multivariate statistical analysis 
 Fold change Analysis 
 Using Metaboanalyst 5.0 as a specific online software for statistical multivariate analysis, the data released by 
GC-MS analysis were compared and the statistical discrimination among molecules as putative biomarkers for each 
type of oil were determined.   Table 2 shows the fold change (FC) values as well the log2(FC) in a decreasing order, 
using a cutoff value for FC >2 for the molecules identified in the six essential oils. These data show which are the 
significant molecules to be considered for more detailed comparisons among samples.  
 
Table 2. List of molecules able to differentiate the essential oil samples, according to FC and log2(FC) values 
Molecule FC log2(FC) Molecule FC log2(FC) 
Thymol 41.832 5.387 α-Thujene 3.804 1.927 
δ-Cadinene* 36.524 5.191 D-Limonene 2.900 1.536 
β-Myrcene 34.602 5.113 β-Elemene 2.861 1.516 
Sabinene 33.760 5.077 α-Caryophyllene 2.397 1.261 
Camphene 25.119 4.651 Himbaccol 2.333 1.222 
alpha-Cubebene 14.167 3.824 β-Cubebene 2.333 1.222 
Pseudolimonene 12.278 3.618 1-Octen-3-ol 2.333 1.222 
Caryophyllene 10.901 3.446 3-Carene 2.333 1.222 
α-Pinene 10.606 3.407 Isohymol methyl ether 2.333 1.222 
p-Cymene 5.618 2.490 Thymol methyl ether 2.333 1.222 
Borneol 5.193 2.377 Carvacrol 2.333 1.222 
β-Pinene 4.742 2.246 γ-Muurolene 2.333 1.222 
Camphor 4.651 2.217 Germacrene B 2.333 1.222 
 
 Using a cutoff value of FC value =2, there were found 9 molecules with significant higher FC values > 10, some of 
them being common to the oils investigated. Other molecules like cinnamaldehyde and eucaliptol were not found in 
the table since they are specific biomarkers for Cinnamon, while eugenol and eugenol acetate for Clove. 
 
 Principal component Analysis (PCA) and Partial Least Square Discriminant Analysis (PLSDA) 
 Figure 2a include the PCA scores plot which shows the samples differentiation and group C and PM similarities, 
based on their composition variability. The co-variance for the first 3 components reached the value 57.6%. Figure 








Figure 2. (a) PCA scores plot (PC1 vs PC3)which shows the samples differentiation and similarities. 
(b) PLSDA scores plot (PC1 vs PC3) which shows the significant discrimination between the 
samples’profile. Group abbreviations: PM- medicinal plants; C- cspices.  
 
 Both plots confirm high composition similarity between the samples from C group, as well, at a lower level for 
samples from PM group. 
 
 Cluster Analysis and Heatmap  
 Figure 3 represents  the Heatmap using a Euclidian distance measure and Ward algorithm. There are seen (upper 
side) the good correlations and similarities between samples of the group C (red) and PM (green) based on Cluster 




Figure 3. Heatmap using a Euclidian distance measure and Ward algorithm: correlations between 
samples ( Upper side) based on Cluster analysis dendrogram  and between samples and molecules 
(downside and right) , showing specific signatures of each type of  sample. 
 
 Even by cluster analysys the samples from group C (Tea Tree, Clove and Cinnamon) seems to be similar, the 
individual composition is different, the brownish regions showing which are the molecules which explain their 
specific signatures and differences. The same for the samples from group PM (Thyme, Juniperus and Oregano). 
 According to this map, there are easy to identify molecules which are characteristic for specific oils, e.g. Eugenol, 
Eugenol acetate and Copaene for clove oil, Cynnamyl acetate, Cynnamaldehyde, Eucaliptol and β-Linalool. As well 
may other molecules Juniperus and Thyme. Oregano oil seems to be the unique oil sample represented as a major 
molecule, Carvacrol, followed by small percentages of Camphor and Borneol.  
 
 Random Forest analysis 
 Figure 4 includes the Random Forest graph representing the predictability of the first 15 putative biomarkers 
which discriminates between the samples from MP and C groups, in a decreasing order, based on Mean Decrease 





Figure 4. Random Forest graph: predictability of  the first 15 putative biomarkers which 
discriminates between the PM and C group of oil samples 
 
 According to this ranking, Camphene, Caryophyllene and p-Cymene are were the first molecules considered as 
significant (accuracy values above 0.01), being followed by Camphor, β-Myrcene and α-Terpineol, Copaene, Borneol 
and α-Terpinen (accuracy values of 0.002-0.005). At the right side are differently coloured and expressed the 
difference (increase or decrease of individual molecule between the group C and PM).   
These data are useful for the accurate classifications of individual oils or mixtures, with relevance for oils quality 
and authenticity evaluation.  
 
CONCLUSIONS 
To conclude, our data reflect and reccomend the succesful and easy to perform GC-MS technique using a 
metabolomic-based approach, a combination of the accurate separation and identification of molecules from 
different essential oils combined with a modern, updated statistical tool offered by Metaboanalyst 5.0 online 
available software.  
We were able to identify the key-molecules specific to each of the six different essential oils from Thyme, Juniperus, 
Oregano, Teatree, Clove and Cinnamon.  The multivariate analysis combined with correlation heatmaps reflected 
the predictability of around 15 putative biomarkers, such as thymol and p-cymen for Thyme, α-pinene, β-myrcene 
and sabinene for Juniperus, carvacrol for Oregano, terpinene derivatives for Tea tree, eugenol, eugenol acetate for 
Clove, cinnamaldehyde for Cinnamon.   
Since these oils are used frequently as ingredients in food supplements and food flavors, this study offers an 
accurate evaluation and interpretation of the authenticity of these oils based on biomarker identification, easy to be 
done also from food matrices. The adulteration of similar commercial oils, of synthetic or degraded specimens is 
also possible using this model. Further studies are directed towards these latest aspects. 
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